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Context. G292.0+1.8 is the Cas A-like supernova remnant containing the young pulsar PSR Jl 124-5916, which powers a compact 
torus-like pulsar wind nebula with a jet visible in X-rays. 

Aims. We have performed deep optical observations of the pulsar field to detect the optical counterpart of the pulsar and its nebula. 
Methods. The observations were carried out using the direct imaging mode of F0RS2 at the ESO VLT/UTl telescope in the V, R, 
and / bands. We also analyzed archival images obtained with the Chandra/ACIS-I, ACIS-S, and HRC-S in X-rays. 
Results. In all three optical bands we detect a faint elliptical nebulosity, whose brightness peak and center position are consistent at 
a sub-arcsecond level with the X-ray position of the pulsar. The field is densely packed with background stars, but after subtraction of 
these stars the morphology of the object and the orientation of its major axis appear to be in a good agreement with the brightest inner 
part of the pulsar nebula torus region seen almost edge on in X-rays. Within the nebulosity we do not resolve any point- like optical 
object that could be identified with the pulsar and estimate its contribution to the observed nebulosity flux as ^20%. Extracting the 
X-ray spectrum from the physical region equivalent to the optical source position and extent and combining that with the measured 
optical fluxes, we compile a tentative multi- wavelength spectrum of the inner part of the nebula. Within uncertainties of the interstellar 
extinction towards G292.0+1.8 it is reminiscent of either the Crab or PSR B540-69 and J0205+6449 pulsar wind nebula spectra. 
Conclusions. The position, morphology, and spectral properties of the detected nebulosity suggest that it is the likely optical counter- 
part of the pulsar plus its wind nebula system in G292.0+1.8. Higher spatial resolution optical observations and the extension of the 
broad-band spectrum of the proposed counterpart candidate towards the IR and UV are necessary to confirm its origin. 

Key words, pulsars: general - SNRs, pulsars, pulsar wind nebulae, individual: G292.0+1.8, PSR Jl 124-5916 - stars: neutron 



1. Introduction 

Optical emission from radio pulsars contains important informa- 
tion on the poorly understood physical processes responsible for 
the multi- wavelength radiation of rotation-powered neutron stars 
(NSs). So far only a small part (<1%) of the -1700 known radio 
pulsars has been detected in the optical range (Mign anii 120051) . 
The most luminous of them are relatively young and energetic 
to produce a compact torus-like pulsar wind nebulae (PWNe), 
which are typically visible in X-rays. All these young optical 
pulsars are associated with supernova remnants (SNRs): Crab, 
PSR B0540-69 ( SNR B0540-69.3 in the LMC), PSR B1509- 
58 (G320.4-1.2), and Vela. Only for the first two of these pul- 
sars the surrounding PWNe has also bee n identified in the opti- 
cal range (e.g., Serafimovi ch et al.L 12004 ). The multi-wavelength 
data of the Crab-pulsar and its PWN show the power-law spec- 
tra with one spectral break between the optical and X-rays, while 
the spectral energy distribution for PSR B0540-69 and its PWN 
suggest a double-knee break in the same range. Recent opti- 



cal (IShibanov et al.L l2008l) and mid-infrared (ISlane etal.Ll2008h 
detections of the torus-like PWN around PSR J0205+6449 in 
the Crab-like SNR 3C 58 perhaps also suggest the double-knee 
break. Additional optical identifications can provide new in- 
sights on this issue. 

The young P SR Jl 124-591 6 has been only recentl y discov- 
ered in the radio (ICamilo et al.L [2002) and X-rays (Hugh es et al.L 
20011 12002D. It is associated with the SNR G292.0+1.8 (MSH 
1 1-54) which is the third oxygen-rich SNR known in the Galaxy 
after Cas A and Pupis A. G292 .0+1.8 has a morphology simi- 
lar to Cas A on small scales (Hwang. Hol t & PeTO.l2000l) : how- 
ever, no Fe K line emission was detected in its spectrum. As the 
Crab-pulsar, PSR Jl 124-5 916 p o wers a torus-like X-ray PWN 
with a iet (iHughes et all. 1200 jl: ISafi-Harb & GonzaleJ l200l 



Send offprint requests to: S. Zharikov, 
e-mail: zhar@astrosen.unam.mx 

* Based on observations made with ESO telescope at the Paranal 
Observatory under Programme 78.D-0617(A) and with archival ESO 
VLT data, obtained from the ESO/ST-ECF Science Archive Facility. 



iHughes et al.L l2003l: iPark et al.L l2007h . The pulsar period. 135 
ms, and the period derivative, 7.4x10"^^, imply a characteristic 
age of T^2900 yr, consistent with 2700-3700 yr age of the SNR 
(iCamilo et al.L 120021: IChevalieil 2005). The derived spin-down 
luminosity of this pulsar is E= 1 .2x10^^ ergs s"^ This ranks PSR 
Jl 124-5916 as the sixth youngest and the eighth most energetic 
among the all rotation-powered pulsars known. Because of its 
age, optical properties, and association with the pulsar and PWN, 
G292.0+ 1.8 most closely resembles the oxygen-rich SNR 0540- 
69.3 in the LMC. At the same time, the spin-down energy loss 
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of PSR Jl 124-5916 makes this pulsar closer to the older Vela- 
pulsar which is known to be very under-luminous in the optical 
and X-rays. 

The discovery of PSR Jl 124-5916 and its PWN in X-rays 
has prompted d eeper narrow-band and spectral optical studies 
of G292.0-hl.8 (IWinkler & LongL l20Q6h as well as broad-band 
searches for the pulsar optical counterpart (Hughes et al.Ll2004l) . 
Nevertheless, no counterpart has been detected with the CTIO 4 
m telescope down to an estimated stellar visual limit of -26.4 
mag. Assuming distance of d^6 kpc and interstellar reddening 
toward the pulsar of Ay 1.8-2. 2 mag., this implies that the in- 
trinsic optical luminosity for PSR Jl 124-5916 must be lower 
than that of the younger Crab, B0540-69, and B 1509-58 pulsars, 
but still above of the older Vela-pulsar. This is also supported 
by the comparison of the X-ray luminosity of this pulsar with 
an empirical relation between the optical and X- ray luminosities 
of the pulsar s detec ted in both spectra l domains (Zharikov et al.L 
I2QQ21 (2004 120061: IZavlin & Pavlovl |2004 . suggesting further 
optical studies of the PSR Jl 124-5916 field. 

Here we report new deep optical imaging of PSR J1124- 
5916 field in the V, R and / bands with the ESO Very Large 
Telescope (VLT). The observations allowed us to find a likely 
candidate to the optical counterpart of the Jl 124-5916 pul- 
sar-^PWN system. We compare our optical images with the X- 
ray data retrieved from the Chandra archiveQ. The observations 
and data reduction are described in Sect. O We present our re- 
sults in Sect. [3] and discuss them in Sect.lH 

2. Observations and data reduction 

2.1. Observations 

The images of the pulsar field were obtained in the Bessel 
y, R and / bands with the EOcal Reducer and low disper- 
sion Spectrograph (E0RS2E1) at the VLT/UTl (ANTU) unit dur- 
ing several service mode runs in January and Eebruary 2007. 
A standard resolution mode was used with an image scale of 
~a.'251/pixel and a field of view (EOV) of ~7'x7^ Because 
G292.0-hl.8 and its pulsar are located near the Galactic plane, 
which is densely packed with stars, we used a E0RS2 occulting- 
bar setup for our observations. This allowed us to minimize con- 
tamination over the pulsar region by illumination and saturation 
spikes from bright field stars surrounding the pulsar (see Eig[Tl 
left panel). Sets of 3-10 min. dithered exposures were obtained 
in each of the bands with the total integration time of 8925 s, 
7140 s, and 2200 s in the V, R and / bands, respectively. The 
observing conditions were rather stable with seeing values vary- 
ing from (y.'6 to 0^.^85. The Log of the observations is given in 
Table [T] Standard data reduction including bias subtraction, flat- 
fielding, and cosmic ray traces removing was performed making 
use of the IRAF and MIDAS tools. 

2.2. Astrometric referencing 

Astrometric referencing was applied to the summed VLT images 
in each of the bands. To obtain a precise astrometric solution, the 
positions of the astrometric standards selected from the USNO- 
Bl astrometric catalog were used as reference. Thousands of 
USNO-Bl reference objects can be identified in our EOV, which 

1 ACIS-I, Obs 6677-6680, 8221, 8447, 530 ks exposure, PI S. Park 
^ For the instrument details see www.eso.org/instruments/fors/ 
^ USNO-Bl is currently incorporated into the Naval Observatory 
Merged Astrometric Data- set (NOMAD) which combines astrometric 



Table 1. Log of the VLT/E0RS2 observations of PSR J1124- 
5916. 



Date 


Band, dithered 


Exposure 


Airmass 


Seeing 




Exposure number 


length, s 




arcsec. 


2007-01-26 


y, 10 


595 


1.22 


0.6 


2007-01-27 


V,5 


595 


1.22 


0.6 




/,7 


200 


1.24 


0.6 


2007-02-20 


R, 12 


595 


1.24 


0.8 




I A 


200 


1.29 


0.85 



is extremely crowded by stellar objects. Recent release of the 
Guide Star Catalog (GSC-II v2.3.2fl provides practically the 
same number of the standards but contains no information on 
proper motions and the declared astrometric errors (Off 3) are 
higher than the nominal 0'.'2 uncertainty of the USNO-Bl. A 
number of stars from the UCAC2 catalog is also present but they 
are saturated in our images. We discarded the reference stars 
with significant proper motions and catalog positional uncertain- 
ties ^ 0'.'4 along with the saturated ones. Einally, to minimize 
potential positional uncertainties caused by overlapping stellar 
profiles in the crowded EOV, we selected only 15 isolated stars 
(see Table|2]and Eig.[TJ left panel). Their pixel coordinates were 
derived making use of the IRAE task imcenter. The IRAE tasks 
ccmap/cctran were applied for the astrometric transformation of 
the images. Eormal rms uncertainties of the astrometric fit for our 
images are ARA^O'.'07 and ADec^0'.'05 for each of the bands, 
and the fit residuals are ^O'.'IS, which is compatibile with the 
maximal catalog position uncertainty of the selected standards. 
Selection of another set of isolated reference objects does not 
change significantly the result and a conservative estimate of our 
Icr astrometric referencing uncertainty is ^0^.^15 in both RA and 
Dec for all three optical bands. 

Eor further comparison of the optical and X-ray images we 
have also performed astrometric referencing of the G292.0-hl.8 
Chandra/ ACTS -I archival X-ray images. We combined the mul- 
tiple data sets obtained with the ACIS-I making use of the 
merge-all v3.6 script of the CIAO tool. The resulting image al- 
lowed us to resolve tens point-like objects located outside the 
SNR X-ray boundary (Eig.[T] right panel). Most of them can be 
identified with the USNO standards. Potential reference objects 
within the SNR were ignored to exclude any false identification 
with numerous X-ray knots and filaments within the SN rem- 
nant. Using similar selection criteria as in the optical case, we fi- 
nally selected 12 suitable standards, listed in Table[2]and marked 
in ¥ig.\l\(right panel). The resulting rms uncertainties of the re- 
spective astrometric fit are ARA^a.'187 and ADec^a.'122 with 
the fit residuals of ^Qffll. This is compatible with the maximal 
positional uncertainty of the selected standards and makes the 
quality of the astrometric referencing of the ACIS-I image com- 
parable to that for the VLT images. The resulting shift between 
the initial and transformed X-ray images was ^^0.4 of the ACIS 
pixel size (0'.'5) or about 0'.'2 mainly directed towards the east. 
This ensures an almost perfect pointing accuracy of the X-ray 
observations of the G292.0-hl.8 field with the ACIS-I. 

2.3. Photometric calibration. 

The observing conditions during our observations were pho- 
tometric. The photometric calibration was carried out with 

and photometric information of Hipparcos, Tycho-2, UCAC, Yellow- 
Blue6, USNO-B, and the 2MASS, www.nofs.navy.mil/data/fchpix/ 
4 www-gsss.stsci.edu/Catalogs/GSC/GSC2/GSC2.htm 
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Fig.l. The optical VLT/V-band (ieft) and the X-ray Chandra/ACIS-I (right) images of the PSR J1124-5916/SNR G292.0+1.8 
field. White rectangular regions on the VLT CCD chip are covered by occulting bars to eliminate the contamination in the pulsar 
neighborhood by the light from bright field stars. An outermost SNR contour from the X-ray image is overlaid on the optical image. 
Circles mark the USNO stars used for astrometric referencing of the images, the cross marks the pulsar position. The small box in 
the center of VLT/V-band image is enlarged in Fig.|2l 



PG1323-086,PG1633-f099^PG0231-f051, and RUBIN149 pho- 
tometric standards from iLandoltl ([T992 ) observed during the 
same nights as our target. We fixed the atmospheric extinction 
coefficients at their mean values adopted from the VLT home 
pagfi ky=(ril±0.01,k/?=(F03±0.01,andk/=(rOO±O.OLThe 
first observing run in 2007-01-26, when the standards were ob- 
served at significantly different airmasses, allowed us to check 
that the atmospheric extinction during our observations was re- 
ally in agreement with the mean one. The photometric fits per- 
formed for each of the observing nights showed that the pho- 
tometric zero-points have not varied significantly from night to 
night despite of a day and even a month gaps in the integra- 
tion times for the V and / bands, respectively (Table [TJ. As 
a result, we obtained the following magnitude zero-points for 
the summed images y^^=27^83±0.02, 7?^^=27^95±0.02, and 
7^^=27^31+0.02, where the errors account for the statistical 
uncertainties of magnitude measurements, the extinction coef- 
ficient uncertainties, and marginal zero-point variations from 
night to night. The formal 3(T detection limits of a point-like 
object in the co-added images for an one-arcsecond aperture are 
27.8, 7? ^26.9, and 7 ^25.7. 



3. Results 

3A. Detection of the pulsar/PWN counterpart candidate. 

The region containing the pulsar is enlarged in Fig. [2l where 
we compare our optical V, R, and 7 images with the archival 
X-ray images obtained with Chandra/ACIS-I and HRC-S0. The 
dynamical range of the ACIS-I image was changed relative to 
that shown in Fig [T] to reveal the structure of the torus-like PWN 
with the south jet (assuming the torus is seen almost edge-on). 




^ http://www.eso.org 

6 HRC-S, Obs 1953, 49.8 ks exposure, PI J. Hughes 



39.7 39.6 39.5 39.4 39.3 39.2 39.111:24:39.038.9 38.8 
Right ascension 

Fig. 3. Zoomed fragment of the V band image shown in Fig. [2l 
Contours underline the surface brightness distribution. The cross 
marks the X-ray position of PSR Jl 124-5916, the sizes of its 
arms are 2cr, or ~(y.'5, uncertainties of the position (see text for 
details). 



Only the central part of the torus with the pulsar is seen on the 
less deep HRC-S image. 

In all three optical bands (top panels of Fig. [2]), at the pul- 
sar position, marked by a cross, we detect a faint extended ob- 
ject, hereafter named the nebulosity. To study its detailed spa- 
tial morphology we show in Fig. [3] a zoomed fragment of the V 
band image, which is the deepest available one and provides the 
best spatial resolution (cf.. Table [T]). The spatial brightness dis- 
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Fig. 2. Central ~16''xl6'' fragment of G292.0+1.8 containing the pulsar J1124-5916 and its PWN. Top panels are VLT/F0RS2 
V, R and / band optical images, as marked in the panels. Middle panels are the same images, where unsaturated stars have been 
subtracted. Left and middle bottom panels are the Chandra/HRC-S and ACIS-I X-ray images, respectively. Right bottom panel is 
the elliptical surface brightness fit of the optical counterpart candidate to the pulsar-hPWN system in the / band. Its contours are 
overlaid on the X-ray images (black on ACIS-I and white on HRC-S). The contours outlining the boundary of the PWN in the 
HRC-S image and its brightness distribution in the ACIS-I image are overlaid on the V and the star subtracted R and / images, 
respectively. All images are smoothed with a Gaussian kernel of three pixels. In the optical range this corresponds to a mean seeing 
value. Cross shows the X-ray position of the pulsar and sizes of its arms are Icr uncertainties of the position. 



tribution is underlined by contours, demonstrating an east- west 
extent of the nebulosity and a distinct brightness peak whose po- 
sition is compatible with the position of the pulsar in X-rays at 
~lcr uncertainty level. The north-south wings of the nebulosity 
partially overlap with the wings of nearby north and south back- 
ground stars, specifically with the closest one located only -172 
to the south of the pulsar. However, the brightness of its central 
part cannot be caused by the overlapping wings of these stars. 
The same conclusion is valid for the R and / images, although 
they were obtained at about 30% worse seeing and in these im- 
ages the nebulosity is more contaminated by the stellar wings. 
Nevertheless, its central peak is also clearly resolved. 



Our limited spatial resolution and the presence of the nearby 
stars does not allow us to make definite conclusions on the neb- 
ulosity extent on the original images. To better reveal the mor- 
phology of the object we produced star- subtracted images. We 
constructed a model point spread function (PSF) based on a set 
of about 30 isolated and unsaturated field stars in our images 
and used the allstar task from the IRAF digiphot tool. The task 
provides an efficient iterative algorithm for a careful subtraction 
of groups of stars with overlapping PSFs. The latter is crucial 
in our case since the most of the stars near the pulsar are in 
such groups. Since the subtraction process is somewhat imper- 
fect, we repeated it several times varying the allstar parameters. 
The results for each of the bands were rather stable and they 
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Table 2. USNO-Bl.O stars used for astrometrical referencing 
with coordinates (epoch J2000.0) and their Icr errors. 



Name 


RA 


Dec 


o'ra 






hh mm ss 


dd mm ss 


mas 


mas 




VLT 


images 






0307-0263383 


11 24 35.5253 


-59 13 55.840 


18 


23 


0307-0262730 


11 24 16.8207 


-59 14 36.360 


92 


79 


0307-0262544 


11 24 11.1133 


-59 15 31.800 


10 


39 


0306-0262602 


11 24 48.7647 


-59 19 28.770 


75 


23 


0307-0263370 


11 24 35.2033 


-59 14 02.500 


44 


163 


0307-0263484 


11 24 38.1093 


-59 15 05.450 


44 


54 


0307-0263768 


11 24 45.0667 


-59 15 32.820 


92 


228 


0307-0263438 


11 24 36.9907 


-59 17 52.570 


9 


77 


0306-0262194 


11 24 39.6380 


-59 18 31.850 


63 


40 


0306-0262311 


11 24 42.1680 


-59 18 47.830 


148 


36 


0306-0262297 


11 24 41.9627 


-59 19 05.730 


56 


106 


0307-0264210 


11 24 54.9427 


-59 16 13.580 


40 


37 


0307-0264219 


11 24 55.3613 


-59 15 56.250 


138 


40 


0307-0264485 


11 25 02.5093 


-59 17 30.950 


122 


100 


0307-0264529 


11 25 03.3600 


-59 17 46.450 


50 


79 




Chandra/ACIS-I 


image 






0307-0294705 


11 25 06.7700 


-59:15:19.710 


171 


74 


0307-0292657 


11 24 16.0510 


-59:12:02.614 


12 


12 


0306-0287673 


11 24 25.3659 


-59:23:19.419 


43 


56 


0306-0286344 


11 23 52.2471 


-59:20:46.686 


15 


15 


0308-0292285 


11 24 22.6380 


-59:11:09.990 


32 


59 


0307-0294814 


11 25 09.6299 


-59 14 04.161 








0307-0295391 


11 25 25.2547 


-59 17 04.560 


200 


200 


0305-0283993 


11 24 47.9537 


-59 24 02.740 








0306-0288792 


11 24 50.6720 


-59 21 48.220 


122 


50 


0306-0289663 


11 25 10.4193 


-59 19 01.500 


50 


184 


0307-0294870 


11 25 11.3865 


-59 14 24.310 








0307-0295000 


11 25 14.9267 


-59 13 33.540 


313 


61 



are shown in the middle panels of Fig. [2l The main contami- 
nating factor, the star -172 south of the pulsar, as well as other 
unsaturated stars are perfectly subtracted. That is obviously not 
possible for saturated stars with corrupted PSFs, whose remains 
are noticeable. However, they are distant enough from the neb- 
ulosity to affect its morphology. On the resulting images, the 
nebulosity has an ellipsoidal shape compatible with the structure 
seen in the HRC-S image, revealing only the brightest inner part 
of the PWN torus with the pulsar. Both the extent of the optical 
source and the orientation of its major axis are similar to what 
was found in X-rays. This suggests that the detected source is a 
likely optical counterpart of the central part of the PSR J1124- 
5916+PWN system. 

We do not resolve in our optical images any signature of the 
southern X-ray jet of the PWN. This is not a surprise since the 
jet is much fainter than the torus and it was clearly resolved 
in X-rays only af ter a very deep observation with the ACIS-I 
(|Parketal.Lr2007h . 

To compare quantitatively the morphology of the suggested 
optical counterpart with the X-ray PWN torus structure, we have 
fitted the spatial intensity distribution in the star- subtracted im- 
ages with a simple two-dimensional model (using the IRAF 
isophote task) accounting for the brightness distribution by el- 
liptical isophotes and taking into a ccount the bac kground level. 
A similar fit has been made by iHughes et al.l (2003) to the 
pulsar/PWN source on the HRC-S image. The results of the 
fit for the / band are presented in the right bottom panel of 
Fig. [2] and Table [3] The fit shows that the brightest inner part 
of the nebula, within Vf-Vf5 of the center, has almost a circular 
shape and emits ^^20%-40% of the total flux. If our identifica- 



Table 3. Parameters of the elliptical fit to the surface brightness 
of the PSR Jl 124-59 16+PWN optical counterpart ordered by the 
major ellipse axis length (c.f., right bottom panel of Fig. O. 



Center^ Center^ Major Ellip- PA^ /-band 
RA DEC axis -ticity^ WtoN flux^ 



length 



(11:24: 
39.*) 


(-59:16: 
19.*) 


(arcsec) 




(degrees) 


(%) 


216 


60 


1.26 


0.20 


-1.3 


24.9(7.6) 


230 


59 


1.50 


0.25 


-0.2 


46.4(8.1) 


240 


61 


1.76 


0.37 


13.2 


51.8(8.2) 


235 


59 


2.00 


0.34 


11.5 


66.2(8.6) 


211 


57 


2.50 


0.50 


12.8 


76.5(8.8) 


212 


57 


2.76 


0.48 


10.3 


87.3(9.3) 


212 


57 


3.01 


0.48 


10.3 


96.8(9.8) 


212 


57 


3.21 


0.48 


10.3 


100(7.1) 



^ coordinates of centers of the ellipses (J2000); 

^ defined as 1 - Imin/lmax^ where Imin and l^ax are the minor and 

major ellipse axes lengths, respectively; 

^ positional angle of the major axis; 

^ flux from the elliptical aperture normalized to the flux from the 
largest aperture in this set. Numbers in brackets are Icr uncertainties. 



tion is correct, this can be considered as an upper limit of the 
pulsar contribution to the total pulsar-hPWN flux. The coordi- 
nates of the center defined from the fit are 0^2000=! 1-24:39.216, 
and ^20oo=-59: 16: 19.60. The measured pulsar centroid posi- 
tions in X-rays are ^2000=1 1:24:39.183, ^20oo=-59: 16: 19.41 and 
0^2000=11:24:39.180, ^20oo=-59: 16: 19.49, as obtained from the 
HRC-SQ and ACIS-I images, respectively. Both are in a good 
agreement with each other and with the center position of the 
optical source taking into accounting the -(7.' 15 and -(7.' 2 astro- 
metric accuracy in the optical and X-rays (Sect. 2.2). The ellip- 
ticity of nebulosity increases up to -0.5 for the outward optical 
nebula regions and the major axis is slightly tilted from the RA 
axis by about 10°-13°, which is also in good agreement with 
about 13° tilt seen in X-rays. In addition, the optical nebula is 
elongated almost symmetrically around its center with a total 
length of ~3V2, which agrees with the extent of the brightest 
part of the PWN seen in X-rays. Assuming that we see a tilted 
circular torus, we estimate the torus axis angle to the line of sight 
in a range of 50°-60°. 

Extending the analysis of the nebular structure in the optical 
and X-rays we also considered ID-spatial profiles of the images 
along the two slices directed along the nebula symmetry axes. 
The slice positions are shown in the left panel of Fig. (H Their 
widths are V\ both centered on the the X-ray pulsar position. A 
"horizontal" slice is 6'' long and placed symmetrically over the 
pulsar position to include most of the emission along the major 
axis of the nebula. Its PA to the RA axis is ^^13°. The "vertical" 
slice is orthogonal to the first one, it is 8'' long and extended 
towards south- south-west to include also the X-ray jet. The re- 
spective ID-profiles performed on the star- sub str acted images 
are shown in the middle and right panels of Fig. |4] These show 
the coincidence in the positions of the main peaks of the nebula 
and their extents in the optical and X-rays. The ACIS-I peak is 
broader than that of the HRC-S because of a lower spatial res- 
olution of ACIS. A wing asymmetry of the V and R peaks in 
the middle panel and the flux enhancement in the southern part 
of the all optical profiles in the right panel are not related to 
the nebula. These are subtraction remains of nearby background 

^ Our HRC-S coordinates, when rounded b y the last two digit num- 
bers, are compatible with the published ones dHughes etal.L[2003h 
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Fig. 4. Left: The ACIS-I image with positions of two slices (bold lines) used for comparison of ID X-ray source profiles of the 
Jl 124-5916 pulsar-^PWN system with its optical counterpart candidate profiles; cross marks the position of the pulsar. Middle and 
right The source profiles extracted from the ACIS-I, HRC-S, V, R, and / images, as marked in the panels, along the "horizontal" 
and "vertical" slices, respectively, shown in the left The coordinate origins of the horizontal axis in the middle and right panels 
coincide with the eastern and northern edges of the respective slices. Vertical dotted lines with horizontal error-bars mark the X-ray 
position of the pulsar and its uncertainties. 



stars east and south of the PWN, respectively. The southern jet, 
barely resolved in the ACIS-I profile in the right top panel, can- 
not be reliably resolved in the optical profiles in part, because of 
the asymmetry of the contaminating eff'ect of the above remains. 
The FWHM of the optical PSF is ~a.'6-a.'85 (Sect. 2.1), and 
the brightest part of the nebula, which extends to several arcsec- 
onds, is clearly resolved. Although the position of the main op- 
tical peak coincides with the pulsar position, we do not resolve 
any point-like source at this position. To resolve the point-like 
pulsar from the nebula would require deeper imaging at higher 
spatial resolution, and/or time resolved observations. 

Summarizing this part we can conclude that our spatial anal- 
ysis strongly favors the suggested optical identification of the 
G292.0-h 1.8 pulsar/PWN system. The main uncertainties are re- 
lated with a possible imperfect subtraction of the closest stars 
contaminating the emission of the outer parts of the PWN opti- 
cal counterpart candidate. This may aff'ect the derived extension 
of the optical source along the minor axis of the X-ray PWN 
torus and the parameters of the elliptical surface brightness fit. 
However, the similarity of the counterpart candidate morphol- 
ogy in the star- subtracted images in the diff'erent optical bands, 
where the star appearances are considerably diff'erent, supports 
the correctness of the performed subtraction and the PWN iden- 
tification. Higher spatial resolution imaging is needed to confirm 
this. 



3.2. Photometry 

The optical photometry of the suggested counterpart was per- 
formed on the star- subtracted images. We used the elliptical 
apertures from the surface brightness fit described in Sect. 3.1. 
Their parameters are presented in Tabled The background lev- 



els were estimated from a circular annulus with ~7 pixel inner 
radius and a width of ~5 pixels centered on the nebula cen- 
ter. The relative photometric errors were minimal (S /N ^ 13) 
for apertures formally encapsulating ^90% of the total nebula 
flux. The measured integral magnitudes of the presumed pul- 
sar-htorus nebula are summarized in Table (H where the errors 
include the calibration zero-points uncertainties, statistical mea- 
surement errors, and account for possible star subtraction uncer- 
tainties based on the magnitude dispersion after the reiterations 
of the subtraction process. We also tried circular and polygonal 
apertures to better encapsulate the whole flux, but got practically 
the same results. The stellar magnit udes were transforme d into 
fluxes using zero-points provided by lFukugita et al.l (Il995h . 

The observed color indices of the nebulosity are V - = 
0.2(2) and R - I = 1.0(2). We also measured the indices of 
a random set of faint field stars located, as our nebulosity, 
outside the known emission line region s of the SN remnant 
(IWinkler & Longl 120061: IPark et al.L 12007*). We obtained indices 
in the range of 0.6 < V-R ^ R-I < 1.1. This corresponds to the 
stellar "reddened" color indices and it is significantly diff'erent 
from the nebulosity colors. Based that, the detected nebulosity 
can hardly be a result of a superposition of a few overlapping, 
unresolved faint background stars. 

3.3. Multi-wavelength spectrum of the pulsar+PWN source 

Using the optical fluxes for the pulsar/PWN counterpart candi- 
date together with the X-ray data we can construct a tentative 
multi- wavelength spectrum of the central part of the source. 

To compare our optical fluxes with the X-ray spectrum from 
the same physical region of the pulsar-hPWN system we ap- 
plied the 3V2 major axis length elliptic aperture from Table [3] 



S. Zharikov, Yu. Shibanov, D.A. Zyuzin et al.: A likely optical counterpart 



7 



Table 4. Observed magnitudes and fluxes for the presumed op- 
tical pulsar/PWN counterpart in G292.0+1.8, as well as de- 
reddened fluxes for difl'erent Ay values. 



Band 


Mag. 


logF 




logF 






obs^ 


obs^ 




dered^'^ 










Ay = 1.86 


2.06(4) 


1.86-2.1 




(mag) 


(//J) 




(//J) 




V 


24.29(13) 


-0.16(5) 


0.58(5) 


0.66(7) 


0.66(!(3) 


R 


24.12(13) 


-0.17(5) 


0.44(5) 


0.51(7) 


0.51C^22) 


I 


23.12(13) 


0.13(5) 


0.61(5) 


0.66(6) 





^ numbers in brackets are Icr uncertainties referring to last 

significant digits quoted. 

^ uncertainties include Ay uncertainties. 



that encircles -100% of the optical flux. Using the ACIS- 
I Obs Ids 6677 and 6679 with the longest individual expo- 
sures (-161 and -156 ks) of the G292.0-hl.8 center and the 
CIAO acisspec tool, within this elliptical aperture we obtained 
7659 and 7393 source counts, respectively. A circular region of 
-IC diameter located -16'' south of the pulsar was used to 
estimate the background contribution, which was ^1% within 
the source aperture. Spectral data of both OBs were grouped 
to provide a minimum 25 counts per spectral bin and fitted si- 
multaneously by an absorbed power-law model using standard 
XSPEC tools. As a result, we obtained a statistically accept- 
able fit with a spectral index r= 1.85 1+0. 027, absorbing column 
density A^//=(0. 369+0. 014)x 10^^ cm"^ and normalization con- 
stant C =(1.38+0.08)xl0-Vhotons cm-2 s"^ keV-^ The fit had 

= 0.962 per degree of freedom and the unabsorbed integral 
flux was 5.626x10"^^ erg cm"^ s"^ in 0.3-10 keV range. 

The fit r esiduals do not show any signs of emission lines, 
as found by 'Hu ghes et al.l (l200ll) with a few arcseconds larger 
aperture. This means that the spectrum is unlikely to be con- 
taminated by the emission form the supernova ejecta. The de- 
rived spectral index is also compatible with typically observed 
indices for Crab-like PWNe. We checked our result using the 
same aperture and counts per bin setup on previous -44 ks ob- 
servations of G292.0+1.8 with the ACIS-S0. Within larger un- 
certainties resulted from lower count statistics at this short expo- 
sure we obtained the same fit parameters. This ensured us that 
for the selected pulsar +PWN region both the ACTS -I and the 
ACIS-S provide the same results. Finally, we adopted a circular 
aperture of 2.5 pixel radius (V f 23) ce ntered on the pulsar posi- 
tion, as used by iHughes et al.l (l200ll) . to estimate the spectrum 
of the pulsar on the ACIS-S data. Within uncertainties, both the 
ACIS-S and the ACIS-I gave the spectral index and the column 
density which are consistent with those obtained for the ellipti- 
cal aperture. For instance, for the ACIS-I we got r= 1 .85 1 +0.027 
and A^//=(0.367+0.014)xl0^^ cm"^. This is in contrast to smaller 
values, r ^l.72+0.05 and A^^^ (0.317+0.015)xlO^^ cm'^, pub- 
lished bylHughes et al.l (|200l[). We have been able to reproduce 
the published values only for the case of the ACIS-S data when 
the spectral range at the fit was constrained by 0.3-7 keV. A sim- 
ilar constraint for the ACIS-I data with much higher count statis- 
tics does not lead to any significant spectral hardening and/or Nh 
decrease. This shows that the PWN contribution to the total pul- 
sar+PWN flux is still rather high even for such a small aperture 
and the previous estimates of the pulsar spectrum and Nh based 
on the short ACIS-S exposure may be unreliable. 

The next step to the multi-wavelength spectrum analysis 
is the correction of the optical fluxes for interstellar redden- 

^ OBs ID 126, exposure 44 ks, PI G. Garmaire 
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Fig. 5. Tentative unabsorbed multi- wavelength spectrum for the 
inner part of the torus region of the G292.0+1 .8 pulsar/PWN sys- 
tem compiled from the data obtained with the VLT and Chandra, 
as indicated in the plot. Thin cross-bars, marked by "obs.", show 
the observed VRI optical fluxes to demonstrate the interstellar 
extinction eflTect. Error-bars for the de-reddened fluxes, marked 
as "dered", include Ay uncertainty range shown at the top of the 
plot. The V band flux (dashed cross-bars) is likely contaminated 
by strong OIII emission from the SNR and may be considered 
as a flux upper limit for the pulsar/PWN system. The grey poly- 
gon demonstrates the spectral uncertainty in X-rays. It is extrap- 
olated towards the optical together with the best X-ray power- 
law spectral fit (solid and dashed lines). As seen, the extrapo- 
lated spectrum strongly overshoots the optical fluxes suggesting 
at least one spectral break between the optical and X-rays. A 
crude power-law fits to the optical data are shown by dot-dashed 
lines for two cases: when all three optical bands are included in 
the fit (upper line); and when the V band flux is excluded from 
the fit (low line with a higher slope), ay are spectral indices of 
the power-law fits defined as Fy oc y^^ . 



ing. Compiling various hydrogen column density measurements 
in the radio and X-rays and comparing the observed optical 
spectral-line intensity ratios for G292.0+1.8 filaments with the- 
oretical models of the post shock line emission from the ma- 
terial ejected from the SN progenitor, Winkler & Long (2006) 
adopted the interstellar color excess of E(B - y)=0.6 mag. On 
the other hand, using the Nh value derived from our X-ray spec- 
tral fit and an empirical relation between the eflTective Nh of the 
X-ray absorbing gas and the dust extin ction Nu/E(B - V ) = 
(5.55 + 0.093) X 10^1 cm'^ mag"^ (Predehl & Schmittlll995|), we 
obtain a larger value of E(B - y)=0. 665+0. 014 mag, which cor- 
responds to the V-band reddening correction Av=2. 062+0. 043 
mag, adopting a standard ratio Av/E(B - V) = 3.1. Within 5cr 
this is consistent with the above E(B - V) value (Ay =1.86 mag) 
and significantly smaller than the ex tinction of 0.86 mag c aused 
by whole Galaxy in this direction (ISchlegel et al.L Il998l) . De- 
reddened optical fluxes for the considered Ay values and their 
combination are presented in Table |4l For de-red dening we used 
a standard optical extinction curve (ICardelli et al.L 119891) . 

A tentative unabsorbed multi-wavelength spectrum of the 
central part of the pulsar/PWN system is compiled in Fig. [5] For 
this plot, we selected an Ay range of 1.86-2.10 mag, which cov- 
ers the whole range of reasonable extinction values discussed 
above. The error-bars for the dereddened optical fluxes include 
this range, while the centers of the cross-bars correspond to de- 
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reddenings with Av^2.06 derived from Nh given by our X-ray 
spectral fit (cf. Table (U). We note, that the resulting dered- 
dened flux errors are strongly dominated by the Ay uncertain- 
ties, and any uncertainty introduced by the star subtraction pro- 
cess are insignificant at this level. As seen, the extrapolation of 
the X-ray power-law spectral fit to the optical range overshoots 
strongly the optical fluxes. The coincidence can be achieved only 
at unreasonable large extinction Ay ^3.6 mag, which is signifi- 
cantly hi gher than the entire G alactic extinction in this direction, 
Av^2J f Schlegel et al.L [T998b . This suggests at least one spec- 
tral break between the optical and X-rays. It is also evident for 
the pulsar spectrum if to combine the X -ray dat a and t he optical 
flux upper limit obtained early by Hughes et al.l (|2004l). 

The actual number of the breaks depends on the real spectral 
energy distribution (SED) in the optical range. As seen, both the 
observed and dereddened SEDs are apparently non-monotonic. 
One of the plausible reasons is a contamination of the mea- 
sured continuum emission form the pulsar/PWN in the V band 
by a strong background [OIII] emission from the oxyg en-rich 
SN remnant knots and filaments (IWinkler & LongL 12006*). Some 
emission clumps visible in this band south of the suggested 
counterpart may be also associated with faint [OIII] knots. Their 
presence near the pulsar position cannot be excluded consider- 
ing the available low spatial resolu tion narrow-band [OIII] im- 
ages published by I Winkler & L ong (2006). Other emission lines 
(e.g., H^, [01], [Oil] and [SII]) detected from the SN remnant 
in the red part of the spectrum enter into the R and / pass- 
bands. However, they are much fainter than that of [OIII] and 
cannot significantly contaminate the respective parts of the con- 
tinuum emission expected to be produced by the pulsar and its 
PWN. A similar situation has been observed in another young 
pulsar PSR B0540-69, which is also associated with an o xygen- 
rich SNR B0540-69.3 in the LMC (ISerafimovich et al.l. [2004) . 
In this case, the flux in the V band can be considered only as an 
upper limit for the pulsar/PWN emission. To underline this we 
represent the respective dereddened flux by a dashed cross-bar 
in Fig 121 If we exclude the V band, then the optical part of the 
spectrum becomes much steeper (ay^-2.2) than in X-rays (Qfy~- 
0.85), which suggests a double knee spectral break between 
these two ranges, as is observed for the PSR B0540-69/PWN 
system. Alternatively, if we take into account the V band as well, 
the resulting optical spectrum can be a flat or less steep, which 
leads to a single spectral break, as is observed for the Crab PWN 
(e.g.,|Serafimovich et al, 2004; Sollerman, 2003). 

So far only the Crab and PSR B0540-69 PWNe have been 
firmly detected in the optical range. Within the uncertainties the 
shape of the tentative multi-wavelength spectrum of the PSR 
J1124-5916/PWN system is either similar to one of the above 
systems or intermediate between them. This is an additional ev- 
idence of the correct optical identification. 

4. Discussion 

The deepest up to date broadband optical observations of the 
PSR Jl 124-5916 field with the VLT reveal a faint nebulosity at 
the pulsar position. The sub-arcsecond agreement of its bright- 
ness peak position with the pulsar coordinates, the likely simi- 
lar optical source morphology to that of the brightest inner part 
of the G292. 0-1-1.8 X-ray torus-like PWN, and the consistence 
of its tentative multi-wavelength spectrum with the spectra of 
other PWNe allow us to consider the detected source as a very 
likely optical counterpart of the G292.0-hl.8 pulsar-hPWN sys- 
tem. The nebulosity appearance in the VRI bands excludes the 
possibility that it is due to either a group of a few close unre- 



solved faint field stars or overlapping wings of the nearby de- 
tected stars. 

Alternatively it could be a SNR filament, or a faint distant 
background galaxy coinciding by chance with the pulsar posi- 
tion. However, no strong optical and X-ray emission lines typical 
for the SN remnant filamen ts were fo und with in the central part 
of the PWN torus region IWinkler & Long, 2006; P arket al.L 
2007). This makes the filament interpretation rather unlikely. To 
confirm this, we have analyzed the torus regions extended up to 
~ 14V8x8V6 elliptical boundary using X-ray ACIS-I data. A com- 
bination of the absorbed power-law and vmekal spectral mod- 
els and elliptical annular apertures centered on the pulsar was 
used. The contribution of the vmekal becomes statistically sig- 
nificant only outside j^9'.'6x4V8 elliptical boundary, improving 
the spectral fit by the appearance of the O, Mg, and Si emission 
lines from the soft thermal radiation of a hot SN remnant gas. 
This is rough ly consistent with ~5''x3'' boundary, obtained by 
iHughes et al.l (i200 1) based on previous ACIS-S data. Therefore, 
the strong line emission, typical of filaments, is at least out- 
side the limits of the optical source and of the elliptical aper- 
ture used to analyze the X-ray non-thermal emission from the 
internal torus region. On the other hand, further observations in 
the near-infrared and near-UV are necessary to better constrain 
the SED of the nebulosity and to distinguish it from a possible 
background galaxy. The power law SED in a wide spectral range 
would be a strong confirmation of the PWN origin. This would 
also enable us to better constrain the extinction value towards 
the source and to check whether the apparent flux excess in the 
V band is indeed due to the contamination from a faint and not 
yet resolved background [OIII] emission of the SN remnant. 

Assuming that the pulsar contribution to the measured op- 
tical fluxes ^20%, based on the spatial profiles of the nebulos- 
ity and on its surface brightness fits, the predicted optical mag- 
nitudes of the point-like pulsar counterpart would be y^26?2, 
7?^26?0, 7^25^0. These are quite reachable with the current tele- 
scope capacities. However, higher spatial resolution is necessary 
to resolve such faint point-like object over the extended source 
background and also is important to minimize the contamination 
of the nebulous emission from the closest field stars. Deeper op- 
tical observations may help to reveal outer fainter regions of the 
nebulosity at larger spatial scale comparable to the whole X-ray 
PWN extent. 

There are no reports on radio detections from the central 
torus region of Jl 124-5916 PWN. On larger spatial scales, the 
G292.0-hl.8 radio plerion shows a core whose brightness pea k 
is located about 30'' north of the pulsar (iGaensler et al.L l2002h , 
while the pulsar is surrounded by fainter emission. It is inter- 
esting that the internal region o f this radio cor e is extended in 
the direction (see Fig. 3 from IGaensler et al .l 12002) roughly 
parallel to the major axis of the elliptical PWN torus region. 
At the same time, the outer contours of the radio core are ex- 
tended in the orthogonal direction, i.e., south-south- west, which 
may be associated with the direction of the X-ray jet propagating 
along the torus symmetry axis. This multi- wavelength structure 
of the Jl 124-5916 PWN appears to be similar to what is seen 
for the Crab plerion that has a larger extent namely along the 
PWN torus symmetry axis. High resolution radio observations 
of G292.0-hl.8 would be useful to understand if the suggested 
similarity really exists. Such observations would also allow to 
constrain the radio flux from the compact PWN torus and its 
spectral slope in the radio range. 

Assuming that we have detected the optical counterpart of 
the torus-shaped PWN of G292.0-hl.8, we compiled in Table [5] 
the properties of this and other young PWNe detected in the opti- 
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Table 5. Comparison of the optical and X-ray spectral indices (a^, a^) luminosities (Lr, L^), efficiencies (t/^, rf^) of the three 
young PWNe detected in the optical/IR and X-rays. Information on the Vela PWN, not yet detected in the optical, as well as on the 
pulsar characteristic ages (r), spindown pulsar luminosities (E), PWN sizes, and the ratios of the pulsar to PWN luminosity in the 
optical and X-rays are also included. 



PWN 


T 

kyr 


E 

10^^ erg 


size 
pc 




^0,a 

10^3 erg 


10-5 




10^^ erg 


10-3 


-^psr/ -^pwn 


^psr/^pwn 


Crab^ 


1.24 


46 


1.5 


0.92 


4240 


920 


1.14 


21.8 


47.5 


0.0017 


0.046 


0540^^ 


1.66 


50.2 


0.6-0.9 


1.5 


366 


245 


1.04 


12 


79.7 


0.03 


0.26 


J1124^ 


2.9 


1.2 


0.2-0.4 


0.0-2.2 


0.02-0.09 


0.17-0.76 


0.85 


4.2 X 10-3'^ 


0.34 


< 0.2 


0.21 


3C 58^ 


5.38 


2.6 


0.08-0.19 


0.7-1.2 


0.08-0.21 


0.3-0.75 


0.88 


5 X 10-3 


0.19 


<0.1 


0.23 


Vela^ 


11 


0.069 


0.14 








0.5 


6.8 X 10-4 


9.8 X 10-2 




0.34 



^ For the optical range 1.57-3.68 eV. This paper. The distance is assumed to be 6.0 kpc. 

^ For the X-ray range 0.6-10 keV. ' Data are taken from Shib anov et al. (2008) . 

^ Data are taken from Serafimovich et al. (2004) ^ This paper. For the whole torus region. 



cal and X-rayfl We also include the older Vela, whose PWN has 
not yet b een identified in the optical range ('Mignani e t all 120031: 
IShibanov et al. 200 3,). For G2 92.0-hl.8 we adopt the distance 
of 6 kpc (iGaensler et al.l. [20021) . and the uncertainty of its tenta- 
tive PWN optical luminosity is mainly due to the uncertainty in 
the interstellar extinction. We also updated the total X-ray lumi- 
nosity of this PWN using the new ACIS-I data and an elliptical 
aperture encapsulating the whole PWN torus flux. As a result, 
the updated flux is by a n order of magnitud e lower than it was 
estimated previously by 'Hug hes et al.l (120011) using the ACIS-S 
data and assuming that the G292. 0-^1.8 P WN spectral index is 
the same as for the Crab PWN (see also Karg altsev & Pavlovl 
dloOS)). In the 2-10 keV image extracted from the ACIS-I data, 
which is not contaminated by radiation from strong SNR lines, 
one can resolve a faint difl'use non-thermal emission around the 
PWN extending ~30''-40''from the pulsar, partially overlapping 
with the radio core region. Accounting for this emission in the 
power law spectral fit with Nh fixed at the value derived for the 
central torus region, we obtained an upper limit for the whole 
non-thermal X-ray luminosity of the plerion Lp/e„on~3xl0^^ 
erg s"^ (in 0.5-8 keV range). Compared with the whole torus 
luminosity, we see that this faint but largely extended diff'usive 
emission can contribute up to 85% of the total plerion lumi- 
nosity. However, this value is a factor of two lower than early 
PWN luminosity estimat es. The P SR Jl 124-5916 X-ray lumi- 
nosity is taken from Hughes et~aD ( 2003), where the detection 
of the X-ray emission with the pulsar period, was reported. Our 
estimates show that it can be unce rtain by a factor of t\yo. The 
respective value published later by iKargaltsev & Pavlovl (l2008l) 
actually coincides with the luminosity of the whole torus-Fpulsar 
system and, hence, is strongly overestimated. In Table[5]the pul- 
sars are listed in characteristic age order. As seen, Jl 124-5916 
fits well into the correlation of the X-ray and optical "strength" 
of PWNs with the spin-down luminosity. This also supports its 
correct optical identification. The X-ray and tentative optical 
parameters of Jl 124-5916 are very similar to the parameters 
of 3C 58 pulsar-hPW N system, recently identified in the opti- 
cal and mid-infrared (Shiban ov et^. l2Q08l: ISlane et al.1. l2008l: 
HE earer & Neust roev. 2008). The coincidence of the properties 
of these two PWNe is not surprising, since their pulsars have 
similar key parameters like the spindown luminosity and age. 

^ Abbreviations: 0540 is B0540-69; J1124 is Jl 124-5916. 
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Fig. 6. Relationship between the optical and X-ray efficiencies 
from Zharikov et al. (2006) updated with data of PSR B1509- 
58 (Wagner & Self ert, 2000 ), PSR B1133+ 1 4 (Zha rikov etaH 
20080, PS R JQ2Q5-F6449 dShibanov et al.l . l2008h . and PSR 
J0108-1431 (rMignani et al.l .l2008'). X-rav eflaciencies f0.5-8keV) 
are based on non-therma l pulsar X-ray luminosities from 
Kar galtsev & Pavlovl (I2QQ8 ) and Pavlov (private communica- 
tion). 



By chance, both torus-like PWNe are seen almost edge-on and 
display one- side jets along the torus symmetry axis. Based that 
these two PWNe look like twins, although the properties of the 
associated SNRs are very different. G292.0-hl.8 is oxygen rich, 
while 3C 58 is not, suggesting different masses of the SN pro- 
genitor stars. 

Finally, we check whether the lower limit obtained here 
for the optical lum inosity of PSR J l 124- 5916 and that of PSR 
J0205-h6449 from IShibanov et"aD (l2Q08l) are compatible with 
the empirical relation between the non-thermal optical and X- 
ray efficiencies of the pulsars detected in both spectral domains 
(IZharikov et al.L I2QQ4 12QQ6L I2Q08I) . This is shown in VigM As 
seen, the optical and X-ray data for the two pulsars do not con- 
tradict the relation. Both PSR Jl 124-5916 and PSR J0205-h6449 
naturally occupy an intermediate position in the plot between 
the younger Crab and B0540-69 pulsars and the older Vela, all 
of which power the torus-like PWNe. This ensure us that the op- 
tical upper limits for both pulsars are realistic and close to the 
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expected flux values based on their X-ray and spindown lumi- 
nosities. This encourages further optical searching of both pul- 
sars. 

In summary, our observations of the PSR Jl 124-5916 field 
likely increase the number of PWNe identified in the optical 
range from three to four. Additional evidences of the suggested 
identification should be provided by high spatial resolution op- 
tical observations. Together with the data in other spectral do- 
mains this should help for constraining models and understand- 
ing the emission nature of these objects. 
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